Introduction
Positron emission tomography (PET) [1] is a non-invasive imaging technique which can obtain biofunctional information from humans and animals using radiopharmaceuticals containing a positron emitter (for example 11C, 150 and 18F). There is currently great interest in the production of radiotracers for PET. [-1-11C]labelled aldoses are very useful radiotracers for regional cerebral glucose metabolism [2] and tumor markers [3] . However, there are some major synthetic problems in their preparation. 11C has a radioactive half-life of only 20"4 min and decays with the evolution of X-rays (energy 511 keV). Moreover, the synthetic scale has to be very small because only pico-mol order of 11C can be obtained by 14N(p, z)11C reaction using a cyclotron. To overcome these difficulties, the preparation process has to be rapid, reproducible and on a micro scale. So the development of a rapid, stereoselective reaction and automation of the process are very important and the authors have been working on this.
The first synthesis of [ 
1-11C]-D-glucose using the classical
Kiliani-Fischer method was reported by Shiue el al. [4] , and recently Schoeps et al. I-5] Cyanohydrin formation with sodium cyanide and 2,3:4,5-di-O-isopropylidene-D-arabinose (1) I-9] was investigated, and the optimum reaction conditions for preparing 3,4:5,6-di-O-isopropylidene-D-glucononitrile (_2) [10] or mannononitrile (3_) [10] In addition, the toluene-buffer condition for preparing _2, which is the precursor of D-glucose, was examined. Figure  3 shows that the stereoselectivity of the cyanohydrin formation depends on the pH. Figure 4 shows the yield curves of _2 when the pH varied from 8"3 to 11"5, but the reaction rate tended to decrease at high pH such as pH 11"5. Thus, the optimum pH was found to be 10"8 in figure 4 . To obtain a better understanding of the reaction mechanism, the dissociation rates of 2 and 3 were measured. buyer.
as shown in figure 5 . In both cases, the ratios of_2/_3 varied with reaction time and after 5 min the ratios stabilized figure 8 ). The evaporating process is carried out with a vacuum device (27 and 28 in figure 8 ). The concentrated mixture is then transferred to the autoinjection device through the bubble trap (42 in figure 8) with the roller pump (40 in figure 8 ). An objective compound is isolated tiom the HPLC column (5 in figure  8 ) and detected with the refractive index and radiation detector (7 and 8 in figure 8 ). The eluate containing the objective compound is injected into the flask 4 (23 in figure 8 ).
Pharmaceutical preparation unit
The pharmaceutical preparation unit has three functions:
adjusting the pH of the radiopharmaceutical solution; diluting with saline; and filtration with the filter 3 (56 in figure 8 ). The figure 8 ), the level sensor (44 in figure  8 ), and the magnetic stirrer 2 (37 in figure 8 ). The radiopharmaceutical solution in flask 4 is filtered with the membrane filter and roller pump 2 (41 in figure 8) Collection of the eluate is started when the ratio of peak variation becomes > (R)1. Collection is stopped when the ratio of peak variation is < (R)2, and the peak value is less than the threshold value. This systematic procedure is highly efficient for isolating the objective compound even if the HPLC column becomes degraded. A flowchart of the operation for the 'HPLC' subroutine is given in figure   11 .
Automated synthesis of [1-11C]-D-glucose
The instrumentation is able to produce a series of [ Setting for a synthesis of [ figure 8 ). The cold trap (27 in figure 8 ) for the vacuum pump had cooled to -50C. The nitrogen gas regulator (31 in figure 8 ) was adjusted to 0-2-0"3 kg/cm2. The reservoirs (12-19 in figure 8 ) of the apparatus were filled as follows: reservoir (a mixture solution of NaCN (10 mg, as a carrier) and pH 10"8 buffer (1 M Na2CO3-M HC1, 1"0 ml)), reservoir 2 (a solution of compound [46 mg] in toluene, 1"0 ml), reservoir 3 (toluene, 1"0 ml for washing solvent), reservoir 4 (a mixture of imidazole (40 mg), 4 M HC1 (0"5 ml) and formic acid (0"5 ml)), reservoir 5 (distilled water, 10 ml for washing solvent), reservoir 6 (0"01 M HC1, 10 ml), reservoir 7 (0"01 M NaHCO3, 10 ml), reservoir 8 (saline, 10 ml). The wash solvent tanks (10 and 11 in figure 8 ) were filled as follows: tank (distilled water, 1000ml), tank 2 (methanol, 1000 ml). Raney nickel (40 mg) was added to reaction flask 2 (21 in figure 8 ).
Synthesis of H11CN
The production ofH 11CN was accomplished by an on-line synthesis according to Iwata's method [11] and then the concentrated 11CO gas was transferred to an HllCN gas generator (AMHC 01, NKK Corp.) using He gas (flow rate: 100 ml/min) as a carrier gas, and hydrogenated (flow rate of H 2 gas: 10 ml/min) to give 11CH 4 gas at 200C in the presence of silica-gel supported Ru catalyst. The reaction of 11CH4 gas with NH gas (flow rate: 5 ml/min) at 850C in the presence of Pt catalyst gave off H 11CN gas, which was passed through a P205 (5"0 g) column to remove excess NHa gas, and then 16"9 GBq (at the end of bombardment) of HllCN gas was transferred to the automated apparatus for labelled aldoses.
Hydrocyanation of compound 1_
Nitrogen gas flow rates of the mass flow controller and 2 were set to zero. The outlet of circulator was opened by switching the valve 49. The outlet of reservoir was opened by switching the valves 17 and 33. A mixture solution of NaCN (as a carrier) and pH 10"8 buffer in reservoir was allowed to flow from reservoir into a volumetric tube (0"5 ml) by nitrogen gas pressure (nitrogen gas flow line: 30-31-V13-V14-V34-V33, in figure 8 ).
When the tube was full and photosensor activated, the contents of the volumetric tube were emptied into reaction flask by switching the valve 17, 33, and 34 (nitrogen gas flow line" 30-2 l-V13-V14-V34-V17). When the volumetric tube was empty and the photosensor was off, the valve 34 was switched. Trapping ofH 11CN gas in flask was carried out by switching valves 1, 3, and 4 (HllCN gas flow line: 32-V3-V1-V4-bottom of the flask 1). The waste gas was exhausted through valve 2 to the waste gas line. When the introduction of HllCN gas to flask was finished, valve 3 was switched. To the mixture in flask was added 0"5 ml of the solution of compound 1 in toluene from reservoir 2 in a similar manner to that of reservoir using photosensor 2 The washing of flask was performed with 0"5 ml of toluene from reservoir 3 and the washed solvent was transferred to flask 2 in a similar manner to that mentioned above.
Reductive hydrolysis of [1-11C] 3 .672 (1U, m, J= 6"0 and 9"1 Hz, H-5), 3 "771 (1H, dd, J= 3"0 and 9"1 Hz, H-3), 3 "878 (1H, dd, J 6"0 and 9"1 Hz,
